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The T-agglutination types were determived for a diverse collection of 1531 group A
streptococei for which the 3' v protein gene (emnt) sequences had Dbeen analysed, The
majority of the T-agghutination types correlated with previously scen M/ emm [T-type
associations; fowever, several new associations were found. Analysis of a subset of this
collection — which included 1157 clinical isolates with multiply encountered emm types
_ foundl that emtm amplicon restriction profiles of isolates sharing identical T types and
opacity factor phenotypes are useful for detecting groups of isolates with identical emim
genes. Many emmn genes of known 5 sequence display a highly conserved restriction
pattern amongst clinical isolates widely separated both geographicaliy and temporally.

Introduction

Subtyping of clinical isolates of group A streptococci
(GAS) has relied historically upon serotyping of the
surface M protein with polyclonal antisera. However,
there arc many problems inherent to M lyping,
including the large number of M serotypes and the
lack of availability of comprehensive M typing sera
sets. Currently, there are ¢. 80 recognised M serotypes,
15 provisional M types, and many more deduced new
specificities on the basis of emun gene sequences that
encode the hypervariable regions of M proteins. A
recent study showed that rapid emm variable region
sequence analysis (enn typing) of GAS in combination
with conventional T-agglutination pattern determination
and opacity factor (OF) phenotype determination, is a
useful means by which to subtype this organism. This
system is almost 100% efficient and often deduces the
M scrotype [1, 2]. This facet of emm typing is
especially important because enmr gene sequences
correlated with known serospecificities are accessible
from the GenBank and for the most part complement ¢.
50 years of accumulated M serotyping data [1-10],
The present study shows the T-agglutination types
associated with the various emm types that were
encountered over the last 3 years. Furthermore, an
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improvement of the emmr typing system that takes
advantage of emm type specific conserved restriction
patterns is clearly demonstrated.

Materials and methods
Strating

Approximately 64% of the 1531 straing for which T-
agglutination patterns were determined represented the
total number of sterile site isolates obtained from five
regions within the USA for 13 years during the period
1994—1997. These regions included metropolitan
Atlanta, GA; metropolitan San Francisco, CA; metro-
politan Minneapolis, MN; Connecticut  state  and
Oregon state. Approximately 13% of the straing
represented sporadic sterile site isolates from other
regions within the USA. The remaining strains were
obtained from various sources outside the USA
including Bulgaria, Poland, Malaysia, Korea, Australia,
New Zealand and South America. Approximately 100
strains were M type and M provisional type CDC
reference strains.

Subtyping procedures

T typing and OF determination were performed as
described previously [8, 11]; emme-specific PCR pro-
ducts were prepared and the 5 end of enimr genes were
sequenced for type determination as described pre-
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viously [2]. For gencration of an emm amplicon
restriction profile (ERP), 8.5 gl of unpurified PCR
product were digested in a total volume of 10 gl
containing 13X reaction buffer 4 (Gibco-BRL), 5 units
of Haelll and 5 units of Hincll. The samples were
incubated for L h {or longer) at 37°C, electrophoresed
in agarose 2% w/v gels containing ethidium bromide
b gg/ml in TAE buffer (40 mm Tris-acetate, pH 8.2,
20 miM sodium acetate, | mMm EDTA) at 100V for
30 min, visualised on a UV tansilluminator and
photographed.

Sequences were given the indicated GenBank emm
type designations if = 953% identical over at least the
first 160 bases, permitting one in-frame deletion or
insertion of up to seven codons or one frameshift of
up to seven codons. Such derivatives made up << 3%
of the total sequences represented. GenBank accession
numbers for most of the emm lype sequences are
given in references [l, 2, 5, 9, 10, 12, 13 and 14]
except for the enun sequences found from our M67,
MG8, and M69 reference strains {esmG7, emm68, and
emm6? in Table 1) that differed [rom the data
described by Whatmore and colleagues [10]. Our
M65 and M69 reference strains have the sume 5 emm
sequence, which  was identical to the previously
determined emm65 sequence [LO]. It has also been
determined that M44 and MG sirains have the same
5" emun sequence [1, 10]. The sequences shown above
that are not listed in these references were obtained in
this laboratory and the accession numbers are as
follows:  emms7 = AF025949,  emmod = AF025948,

ST2034 = U74320, PT2631 = U94589, ST4935 =
U92492, emm 7l = AF035838.

Results

Tagglutination patterns seen in different emm
types

Table | lists the T patterns and OF reactions that have
been determined for 90 emm types. Data are not given
for the 25 new emym types thal were found only
amongst sporadic isolates. The majority (1244 of 1363
T-typable isolates) of the T agglutination patterns
shown in Table | correlated with previously published
M type/T type/OF associations [I1-5], but there were
also many unpublished associations (Table ). Nearly
12% of the isolates (178/1531) were found to be T
non-typable.

enun specific amplicon restriction profiting

Table 2 shows that 945 of 1157 geographically diverse
clinical isolates had a predominant ERP type shared
within their respective enmnn sequence types. These
isolates were collected primarily from normally sterile
sites, although c. 2% of them were isolated from throat
or skin lesion cultures. These isolates represented 32
different emm sequence types that we have encountered
on multiple occasions. For each of the esmm types with
the exception of enm6, emm76 and ST2974, there was
a single restriction pattern accounting for > 60% of
isolates within that eman type; however, for some of the

Table L. eman types associated with T-agglutination patterns and opacity facter (OF) reaction

T pattern, OF e type* {mimber of isolates examined)

TL, OF - 1(258), 2872y
T1, OF+ a8(2)

T3/13/B3264, OF—  3C108), 330191, 43(14), STNSSH(13y, 53(12), PT2T10(5), 42(4), 801(3), ST8E/251(4), 63/69(3), 41(2), S190/851(D),
7453, 67101y, &47(1, 86(1), 5201, 39(1) 3411, 1{1) .
T3/13/B3264, OF-- 13124y, 77¢(22), 73(21), "I2612(16), PT42455(7), 6871(4), ST20344 ), 81(1), 751(1), 73(h), 681(1), 64(1), 22(1),

PT4931(1)

11¢56), PT4245(30), 22(37}, 59(16), 66(13), ST29670(12), T6(11), T88), 446157, 62(6), 73H1), PT28411(2), R01(1)

T2, OF+ 2084}, 4¢3, 601y, 581, 78T, STNSI4XH3)
Td, OF 4 4(35), GO(7), 6301}, 581¢1), 22f(1), 461

T6, O - 6(28), ST64/14(8), 701(1)

T28, OF+ 28¢108), PT2841(31), T7(9), 2¢2), (1), 48(1)
T28, OF— 86¢2), 711c1), 700, STNSLEHD

TLL/12, OF+

TI1/12, OF - 1201301, STNS4X 2, 72¢1), 68T(1)

T5/27/44, OF+4 PTARO(2 ), 27(13), 44/61¢7), T6(1), L1(1), &T(1)
TS/27/44, OF— 5(24)

T4, OF— PT2631H18), B0(2), 14(2), 51(1)

Tl4, OF + 49(13), ST29677(10), 91(4), 59(2), 60I{1}, 647(2), 76T(1)

T8/25/IMP19, OF+  75(28), ST2974(23), 58(22), 761(9), 8(8), 637(4). 65(2), 25(2), 2(2), 4(2), ST2967%(2), BOT(L), 79(1), 65/69(1), 59(1),

57(1). 55(1), PT387S(1), PT2233(1)
T9, OF + 9(3)
T9, OF - 74(2), 181), 3601, 67(1)
T23/8/14, OF - 15(1), L7(1), 23(1), 321}, 47(1)
T22, OF+ 22(2), T6M3)

T non-typable, OF-+  ST2034(15), ST2967(13), PT4245(9), 50(8), 4(%), STA935(7), 65/69(5), 22(5), 11(5). 25(4), PTIBT5(4}, PT2612(3),
812y, 75(2), 63(2), PTERO(2), T8(1Y, 77(1). 76(1), 66(1) 491}, 281} 13(1) Z(1)

T non-typable, OF— 613y, 301 1), 18(7). 56(5), 43(4), 12(4), 33(31, 1(3), 80(2), S3(2}, 41(2), 31(2), STGA/14(2), STNS5(2), 67¢1}. 54(1),
3901y, 37¢1y, 3201, 30(1), 29¢1), 26(1, 24(1}, 19(13}, 5(2}, PT2631(1}, STNS14X(1)

*emar types expected Tor the T pattern and OF reaction are in bold.

"Represents an unpublished M (eamn)/T-agglutination pattern associalion,
M {ewm) type/T-agglutination pattern associations have nol been previously made for this emmr Lype.
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Table 2, Major emm amplicon restriction profiles shared among isolates of the

same emm sequence ype

Number (%)
emm type  of isolates

Number (%)
from the USA

Numnber (%) from other countries

emml 225 (99 198 (88)
emm? 17 (§00) 12 N
emm3 104 (98) 81 {78)
enmd 34 {1 27 (M)
emml 14 (6!) 13 (9%
enuna 17 (50) 9 (51)
emmll 34 (87 33 ON
emmii2 120 (100) 95 (T
emmi3 1o (83) 6 (60)
el 6 (100)

emm22 28 (93) 19 {68)
enm28 94 (97N 89 (95
emnil 28 (100) 27 (96
emmdl 4 (6T) 4 (100}
ammnd3 12 (100) 12 (100)
emmd4]61 7 (L0D) 7 (100)
emmdy 5 (i00) 4 (80)
emmi3 7 (100) 6 (86)
emmid 11 (63) 11 ¢100)
enpm 39 17 (100} 16 (88)
emmG5[69 8 (100)

emmao 8 (100 8 (100)
emm?3 4 (100) 4 (100)
emm?s 18 {100) 12 (67
emmio 7 (34) 7 (100)
emm7? 33 (9N 26 (79)
PT4245 35 (100} 497
PT2841 17 (14) 1 (6)
PT2010 3 (100} 3 (10m
PT180 10 (83) 6 (60}
2074-1 8 (51 5 (62)

27 {12); 8. America

5 (29% 8. Amecrica, Bulgaria
23 (22) S. America, Korea, Bulgaria
7 (21) S. America, Poland, Malaysia
I (7 Malaysia

8 (473 S. America, Korea, Poland

1 (3 8. America
25 (210 S§. America, Bulgasia,
Malaysia

4 (A0 8. America

(32) 8. America

O
5 (5% Korea, Poland
1 (4% Korea

I {20 8. America
| {14y New Zealand

1 (12 8. America
8 (100} Bulgaria, S. America

6 {(31): Korea, S. America

7 (Z1): 5. America
1 (3): 8. America
16 {94); 5. America

4 (40): S. America, Malaysia
3 {38 8. America

*percentage of isolates with the most frequently oecurring emm restriction profile for the

indicated emm type.

emm types the results could be biased because of simall
sample size or geographic distribution. Twenty-four of
these major profiles are shown in Fig. 1 {lanes 2,3, 5~
14, 16=29), and for epmmé two secondary ERPs are
shown (Fig. 1, lanes | and 4). As the emin gene
amplicons of different types vary extensively in size (c.
9001600 bp) and usually have two or more Haell or
Hincll sites, or both, in most cases major restriction
profiles representing one emwi type are readily
distinguishable from the major ERP of other emm

types.

A minority of emm genes lacked both Hincli and
Hae Tl sites (Janes 12, 19 and 21 in Fig. I); they were
distinguishable from other enmm genes lacking these
sites by differing sizes (Fig. 1; compare amplicons for
enmm33 and emmd3 in lanes 19 and 21 with emm66
amplicon in lane 12) or by unique restriction profiles
generated by other frequent cutters such as Rsal or
Dpnil.  Although the emm33 and enund3 TPCR
fragments lack HincIl and Haelll gites, and were
almost of identical size (Fig. 1, lanes 19 and 21), the
two PCR fragments were readily distinguishable by
Rsal cleavage profiles. Regardless of amplicon sizes,
alternate restriction enzymes are always used for
amplicons lacking HincIl and Haelll sites,

Currently, for GAS subtyping ERPs are generated in
association with emm sequence results at  this
laboratory as follows; isolates are subjected to T
antigen typing and OF determination as described
previously [8, 11]. Those isolates from the same
general population area during a l-year time period
that have related T-antigen patterns, the same OF
phenotype and ideatical ERP are identified. A random
sample of emm amplicons from such a group is
subjected to emnn variable region sequence analysis,
which effectively determines the emm type of the
entive group. A false deduced emum designation result
has not been found with this scheme.

An example of the routine use of ERP compatison to
reduce the numbers of samples sequenced is shown in
Fig. 2. Lanes 2—10 represent the ERPs of nine T type
28, OF+- Brazilian isolates. Lanes 2 and 5-10 are the
most common emmPT2847 ERP (compare with Fig. 1,
lane 8). emm sequence analysis of two of thesc
isolates showed almost 100% identity to the emm
PT2841 gene. Lane 3 had a different ERP; however,
this PCR fragment was also found to have the
emmPT2841 sequence. Comparison of these two
emmPT2841 ERPs indicated the probable loss of
one Hincll or Haelll site in the amplicon shown in
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Fig. 1. Frequent emm amplicon restriction profiles {Minc1l and Haelll double digest profiles) of 25 different ennm
types. Lanes 1-4, depict three emurt profiles; 5—14, the most (requently encountered emm amplicon restriction profiles
for the indicated emm types; 15 and 30, Gibco-BRL kb ladder size standard.
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Fig. 2. ERP analysis of 11 Brazilian GAS isolates. Lanes 2-10, were obtained from nine independent T28 OF--
isolates; 11 and 12, were obtained from two independent T1 OF— isolates. Selected uncut samples werc subjected to
sequence analysis and found to be PT2841 (lanes 2, 3 and 3), emm28 (4) and emm! (11),

lane 3. One of the T28 OF+- isolates produced the near identity with emm28 {not shown), Also shown in
most common emnl8d ERP (compare Fig 2, lane 4 Fig. 2 is the major emm{ ERP (Fig. 1, lanes 11 and
with Fig. 1, lane 22) and sequence analysis revealed 12y shared by two independent T type 1|, OF—
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Fig, £ Pregquent capn amplicon restelciion profiles 4 8ae 10 and Hae 1 double digest profiles) of 25 different e
typun, Lanes T4, depict three cooarts profifes: S—140 the most lrequently encountered enon amplicon restriction profiles
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Fig, 2. ERP anafvsis ol T Beazilinn GAS dselates. Lanes 2o 10, woere oblained From nise independent 128 OF
psolates; L1 and 12, were obiined from Gvo independent T OF - dsolates, Selected uncup samples were subjected to
sequence analysis and Tound o be PTZ8IT anes 203 and 30, cmm 28 Gy and cmm /! (1),

lape 3.0 One ol the 128 OF4 isolates produced fhe near identity with came2d {not shown). Also shown in
most common eSS ERP (compare g 2 fane 4 Frgo 2008 the mogjor ennd ERP (Fig. L fanes 11 and
with Fige T line 22y and seguence analysis revealed 12y sharcd by bwo independent T wpe 1, OF-
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isolates. Sequence analysis of one of the isolates
revealed identity to the emm{ sequence.

ERP analysis is useful for deducing the enmn type for
epidemiologically related sets of isolates that contain
variant alleles of previously characterised emni genes.
For example, two emm3 isolates with ERP profiles not
typical of the major emmn3 ERP were four codon
deletion derivatives of emmm3. In addition, on numer-
ous occasions ERP analysis has been used for the
identification of cpidemiologically related sets of
isolates containing emm genes that have not been
encountered previously. For such isolates, that have
related T patterns, identical OF phenotypes and
identical ERP, it is essential to examinc the 5!
variable enm sequence of only one of the isolates to
predict the emm type of the whole group {unpublished
data).

Discussion

The sample set in the present study was biased in that
primarily isolates from the USA were analysed. Even
0, it is interesting that relatively few new emm
sequence types have been encountered. The definition
of an emm type is given here as = 95% identical over
the first 160 bases of sequence obtained with primer
emmseg2 [2], permitting one in-frame deletion or
insertion of up to seven codons or ane frameshift of up
to seven codons. The majority of the known ennn types
are ouly 50—85% identical over the first 160 bases
obtained, The basis of the relative rarity of ‘inter-
mediate’ ennn types with 85-95% sequence identity
has not yet been determined.

For most of the emm genes analysed the study found
a striking lack of allelic diversity determined by
sequence and ERP analysis  from geographically
distinct isolates (Table 1). These results may indicate
that these are cvolutionarily stable emm genes that
infrequently undergo genetic variation. In contrast, for
emm genes such as emmG, emm76 and 8T2974
multiple alleles of different sizes were encountered
(threc of emm6 are shown in Fig. 1, lanes 1-4), at
least partially due to different patterns of homologous
recombination between direct repeats in the hypervari-
able region [15, unpublished observations].

For some isolates with the same ennn types and ERPs
more than one T agglutination pattern is encountered.
We have found no correlation between different ERP
subtypes within a given emur type with differences in
T types. Generally, we have found that pulsed-field gel
electrophoresis patterns of chromosomal digests reflect
that isolates of the same emmn type, but with different
T types, are genetically divergent {unpublished ob-
servations), whilst isolates with identical T and emn
types are more closely related. The compilation of the
varied emm/T-antigen pattern associations shown in

Table 1 is an indication of the genetic diversity within
emm types that is due to horizontal genetic transfer
events between unrelated strains.

The results shown here, which show major conserved
emm restriction fragment patterns for 32 emm types,
arc analogons to those found previously when Hae i
was used to find characteristic eam testriction profiles
within three different GAS sevotypes [16]. Further-
more, outbreak-related strains could be distinguished
from other strains within the same M-type by the use
of characteristic Huelll profiles [16]. We have also
found this strategy useful for this purpose {unpub-
lished data); however, the combination of Haelll and
Hinc1l often provides more discriminatory eclectro-
phoretic profiles than that of Hae lil alone.

For many emm types therc is a high probability of
deducing emm types from geographically diverse
isolates by their ERP alone in combination with T
typing and OF determination. For example, this
laboratory has rarely cncountered alternate ERPs for
the distinctive patterns seen for the commonly
encountered emm! and emm3 types, and has not
found an aiternative ERP for the frequently occurring
emm 12 isolates (Table 1 and Fig 1, lanes 24, 27 anc
29). For commonly encountered ERT profiles, emm
types can be detected by concurrently electrophoresing
digest standards or comparison with saved electro-
phoretic patterns on a complier scanner.
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Monica Farley; Minnesota EIP: Jean Rainbow, Kristine MacDonald
and M. Osterholm; Cregon EIP: S, Ladd-Wlison, Karen Stelonek, I
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